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1.0 IIITRODUCI'I ON 

1.1 BACKGROUND INFORMATION 

Under a recent contract from NASA, Space-General Corporation, 

E l  Monte, California, f i t t e d  a pneumatically extended paraglider with capaci- 

tance type micrometeoroid detectors covering the wing membranes. 

These detectors, which were developed by NASA, Langley Research 

Center, a re  constructed of a multi-layer assembly of vacuum metalized poly- 

e s t e r  f i l m ;  the a l te rna te  layers of metal and mylar forming the capacitive 

elements. The sensors a re  constructed so as t o  have three layers of .OOO25" 

metalized mylar (1/4 m i l )  comprising the outer surface of the detectors and 

two layers of .OOO5" metalized mylar below. 

metalized on both sides; thus, three capacitors a re  formed. 

The bottom layer  of mylar i s  

I n  operation the capacitor complex i s  charged t o  about 40 vo l t s  each 

and upon a meteoric h i t  the capacitor or capacitors penetrated w i l l  momentarily 

discharge indicating a h i t .  The de_oth of penetration is ,  ro i~gh ly~  e. fimction 

of par t ic le  energy and i s  indicated by the number of capacitors penetrated. 

The degree of discharge i s  a rough measure of pa r t i c l e  s i z e .  

1.1.1 

one-tenth the  d i e l ec t r i c  thickness. A s  sensor performance may depend on the 

thickness of the evaporated metal f i l m ,  the thickness becomes a control para- 

meter in the construction of micrometeoroid detectors of the capacitance type. 

The optimumthickness of the m e t a l  f i l m  has been estimated a t  about 

1.1.2 

sensor may be considered t o  range from 25 millionths t o  50 millionths of an 

inch. 

and 1/2 m i l  mylar, respectively. 

The thickness range encountered i n  metal films on t h i s  type of 

This would correspond t o  the optimum m e t a l  depositions on 1/4 m i l  mylar 

1.1.3 
available techniques f o r  conveniently monitoring the thickness of these metall ic 

films, because of the following general reasons: 

This par t icular  range of thickness creates a d i f f i cu l ty  i n  presently 

Page 1 
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a. Optical transmission ceases around 5 micro inches. 

b. Direct overall  measurement by mechanical, electronic and 

opt ical  micrometers i s  encumbered by re la t ive ly  gross 

inhomogeneities i n  the mylar substrate thickness. 

c. Interferometry is  unsuitable as the base material i s n ' t  

suff ic ient ly  f l a t  t o  give a sat isfactory fringe pattern.  

Previously these fi lm determinations were made by d i rec t  measurement of photo- 

micrographs of microtome cross sections enlarged about two thousand (2000) 

times. 

1.2 PROGRAM OaTECTIVES AND APPROACH 

1.2.1 It was the purpose of t h i s  program t o  investigate the application 

of commercially available non-destructive thickness indicators and feasible  

laboratory techniques t o  the problems of measurement of these t h i n  vacuum 

deposited metall ic films f o r  in-process deposition control and/or non-destruc- 

+;17n vIvc _I...".. La$zt ion pr ior  t o  assembiy. 

1.2.2 The proposed approach consisted of the following areas of investi-  

gation: 

a. I n i t i a l  measurement of thickness by microscope micrometer of 

microtome cross sections of several specimens taken from 

different  vendor's samples of vacuum metalized mylar. 

b. Attempt t o  calibrate and/or correlate these d a t a  with measure- 

ments made with: 

(1) Beta Ray backscatter instruments 

(2)  R.F. Eddy-Current instruments 

(3 )  Any other applicable instruments available 

c. Obtain chemical gravimetric analysis on specimen taken from 

vendor's samples and correlate t h i s  surface density information 

with other data. 

Page 2 
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d. Make laboratory potentiometric res i s t ive  measurements of long 

th in  specimen samples t o  determine effect ive sheet r e s i s t i v i ty .  

e. Correlate the above d a t a  i n  a presentation t o  show problems of 

d a t a  scat ter ,  deviations from theoret ical  extensions of bulk 

wrought characteristics. 

f .  Make recommendations f o r  process control in: 

(1) Vacuum deposition processes 

( 2 )  

(3) 

Inspection techniques f o r  sensor materials 

Most applicable type of commercial instruments 

(4) Significant problem areas of these approaches 

1.2.3 
samples such as, rate,  source temperature, substrate temperature, and vacuum, 

are not available, it w i l l  be necessary t o  generalize i n  cer ta in  areas of 

dens ity-thickness correlations, and thickness -re s5stl.ivit.y correlat  icns t o  the 

extent that they a re  assumed t o  be typical  evaporated metall ic films and their  

trends should be reflected i n  similar metal l ic  films which have been vacuum 

deposited. 

As  information regarding vendor deposition processes on their  supplied 
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2.0 CONCLUSIONS AND €BCOMMEMIATIONS 

27p4 e conclusions from the data accumulated i n  t h i s  investigation a re  

based on re la t ive ly  few samples of limited distribution; however, the d a t a  from 

t h i s  work does clearly indicate many of the problem areas i n  the measurement 

of t h i n  evaporated metal films on mylar. 

Fromthe plots  of thickness vs. sheet r e s i s t i v i t y  and thickness vs. 

mass/unit area, a predictable correlation i s  shown with the copper and gold 

samples. 

from wrought characterist ics.  

from any predictable relationship. 

It i s  a l so  seen that these functions a re  considerably displaced 

The aluminum showed a great deal of s ca t t e r  

Information regarding the manufacturers process control parameters 

w e r e  purposely ignored i n  order t o  make an unbiased study of thickness measure- 

ments of these metall ic films, independent of process. 

Individual thickness determinations measured d i rec t ly  under the 
iii~ci-oscoF a1-e s-u3 ject to coiisiderE"ve scattzr frGE tPlZ thickneas 

as they a re  confined t o  a single point. Therefore, several cross sections 

should be averaged i f  d i r e c t  l inear  thicknesses a re  made. 

thickness determinations showed less  scat ter ,  as t h e i r  measurements involved 

a f i n i t e  area, hence more nearly a typ ica l  average. 

The indirect  

It i s  indicated from t h i s  study tha t  non-destructive instruments 

whose measurement principle i s  based on r e s i s t i v i t y  or comparative mass per 

u n i t  area may be used for  thickness indications of copper or  gold evaporated 

films on mylar provided these instruments a re  calibrated by samples of known 

thickness and ident ical  deposition processes. 

A s  no def ini te  correlation of thickness t o  r e s i s t i v i t y  or  apparent 

area density w a s  found w i t h  aluminum, it i s  recommended tha t  thickness deter-  

minations be made by direct  methods, such as  the measurement of microtome 

&..- cross sections with an image sp l i t t i ng  eyepiece. 

Page 4 
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Existence of systematic errors due t o  deformation of the metall ic 

f i l m  by the microtome blade i s  neither confirmed nor refuted by t h i s  study. 

Areas needing future study indicated by t h i s  program are: 

(1) Correlation of mass/unit area and sheet r e s i s t i v i t y  vs. thick- 

ness t o  dependence on deposition process variables. 

(2) Studies paral le l ing th i s  one, but with more samples having a 

wider  parameter distribution, especially with thicknesses below 

one micron. 



3.0 IIWESTIGATI ON TECHNIQUE A 1 i ,p  

3.1 SAMPLE TAKING 

3.1.1 A def in i te  order was established, where applicable, f o r  

removal from various vendors materials, i n  order t o  get  an even d 

charac te r i s t ics  across the  width of a given sample roll. 

SGC 220s-3 

the sample 

str bution o 

The aluminum and gold samples were of ample s i z e  f o r  t he  fu l l  scale  

samples t o  be removed; t h e  copper samples, however, which arr ived later i n  the  

3.1.2 Sample Type S 

Z 

S 

program, were of various s i zes  and shapes, requiring a s l i g h t l y  modified sample 

taking plan. 

The diagrams f o r  these sample removal plans are shown i n  figures 1, 

2 and 3. 

The purpose f o r  the  d i f fe ren t  shaped samples, and t h e  code le t te r  

iden t i f i ca t ion  is  shown below: 

Use - Size 

7" x 6" Eddy current, Beta Ray backscatter 

- 

and reserve sectioning 

36" x 1/4" Resis t iv i ty  

36" x 3/4" Res is t iv i ty  

1/2" x 1/2" Microtome Sectioning 

3" x 3" Square, for Gravimetric Analysis 

Mater-a1 I L a t  f i ca t ions  

A - Aluminum - Vapor Deposited 

G - Gold, 24K, Vapor Deposited 

C - Copper, Vapor Deposited 

Roll Ident i f ica t ions  

1. Hastings & Co. Roll #6647 (15345) ES, nominal 1/2 m i l  mylar, 

a1 th ick  .O25 m i l  (not used) 
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2. Hastings & Co. Roll #6647 (15793) MlS, nominal 1/2 m i l  mylar, 

a1 th ick  .O25 m i l  

3. Hastings & Co. R o l l  #13307 (17676) MlS, nominal 1 m i l  mylar, a1 

4. Hastings & Co. Roll #13307 (17674) MlS, nominal 1 m i l  mylar, a1 

5. Hastings & Co. Roll #13307 (17675) MlS, nominal 1 m i l  mylar, a1 

6. Hastings & Co. Roll #(unknown) MlS, nominal 1 m i l  my la r ,  gold, 

( ident  . "A") 

7. Hastings & Co. Roll #(unknown) M U ,  nominal, 1 m i l  mylar, gold, 

( ident  . "B") 
8.  Hastings & Co. Roll #(unknown) MlS, nominal, 1 m i l  mylar, gold, 

( ident . "c" ) 

9. American Lamotite .35 m i l  a1 f o i l  l a m i n a t e d  t o  .25 m i l  mylar 

(not used ) 

10. G. T. Schjeidahl Company - R o i i  number (unknown) 2 m i l  myiar, copper 

11. G. T. Schjeldahl Company - Roll number (unknown) 1 m i l  mylar, copper 

12. G. T. Schjeldahl Company - sample 2 m i l  mylar, copper 

3.2 MICROTOME " N I Q U E  

3.2.1 During a recent micrometeoroid sensor fabr ica t ion  program, microtome 

cross sect ions of the  vacuum metalized mylar fi lms w e r e  used f o r  m e t a l  f i l m  

thickness determinations of the  basic materials p r io r  t o  assembly, and after 

assembly t o  view the  composite laminations of an assembled multilayer sensor. 

This work was done by an outside laboratory possessing a microtome machine. 

3.2.2 I n  the  current program, arrangements were made with a vendor t o  loan 

Space-General Corporation a microtome of t h e  freezing type. Generally t h e  

performance of t h i s  machine was quite s a t i s f ac to ry  and proved t o  be an easy 

way of obtaining the  required cross sections.  

3.203 
f i lm  t o  be cross sectioned i s  frozen on edge i n  a d i s t i l l e d  water matrix onto 

I n  operation a small sample about 1/8" by 1/2", of t h e  metalized 
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a small brass disc. This d isc  i s  then mounted i n  a chuck type assembly which 

drives the water encapsulated sample passed a heavy r ig id  knife i n  a recipro- 

cating motion. 

set increment, making s l i ce s  about 4 t o  8 microns thick.  

then ''captured" as it re s t s  on the blade by bringing a microscope s l ide  i n  
contact with the ice  fragment. 

s l i de  the ice  melts adhering t o  the s l i de  - a microscope examination w i l l  

confirm whether a sat isfactory sample has been obtained. 

The specimen i s  automatically advanced each cycle t o  a pre- 

The t h i n  s l i c e  i s  

Upon contact with the room temperature glass 

3.2.4 

filament with l i t t l e  or no sp i ra l .  

A sat isfactory sample i s  considered as one of smooth continuous 

3.2.5 The s l ic ing  technique developed consisted of rotating the brass 

sample holder u n t i l  the  length of the specimen i s  almost perpendicular t o  

the edge of the microtome blade. 

fluous ice u n t i l  the  f u l l  length of the  sample i s  exposed. The sample and 

holder i s  rotated t o  place the length of the sample almost pa ra l l e l  t o  the 

micrsto~e. 'Ibis c-itting iiiigie reduces tine cur i  t o  almost zero, allowing the  

sample t o  l i e  f l a t  on the glass slide, f a c i l i t a t i n g  an edge-on view of the 

metal coating. 

t o  the knife i s  included. 

Rough cutt ing is  then done t o  remove super- 

A photograph showing curling when the specimen i s  perpendicular 

3.2.6 

knife sc tha t  the metalized side i s  f i r s t  t o  encounter the blade; otherwise, 

i f  the metal fi lm i s  a t  the rear  surface of the mylar, the blade w i l l  s t r i p  

off the  t h i n  metal film. It was noted that the grain of the r o l l  should be 

pa ra l l e l  t o  the direction of s l ic ing f o r  "clean" cuts. 

It i s  a l so  important t o  position the sample with respect t o  the 

3.297 
t o  dry and permanentized by placing a small drop of Canadian Balsam on the 

center of the s l ide  and l i gh t ly  pressing on a cover glass. 

After a sat isfactory specimen had been obtained, it is  then allowed 

3.2.8 

and a typ ica l  cross section view i s  found and photographed. 

pose of the photograph i s  t o  provide a permanent record. 

A t  t h i s  point, the  s l i d e  i s  placed under a camera equipped microscope 

The primary pur- 
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3.209 
a bi-color image s p l i t t i n g  eyepiece micrometer. 

black and white when the  micrometer scale is  set t o  zero. As the micrometer 

i s  turned, the single black image becomes a red  and green image whose sep- 

a ra t ion  i s  proportional t o  the d i a l  se t t ing.  

object, the micrometer d i a l  i s  set t o  zero, then turned u n t i l  the  two colors 

are just  separating. The d i a l  reading is  calibrated by reference t o  a stage 

micrometer. 

Linear thickness measurements were performed under the microscope using 

I n  use, the  image appears as 

To measure the w i d t h  of an 

These readings were found t o  be repeatable t o  about 5 percent. 

3.2.10 

metall ic film across the mylar by the wiping action of the microtome blade. 

It was noted, when clearly vis ible ,  that t h i s  e f fec t  could give as much as a 

40 percent t o  80 percent increase t o  the  apparent film width. 

i n  mind, precautions were t a k e n t o  find the thinnest undistorted location on the 

microscope specimen f o r  the actual  measurement. 

each sample roll t o  give measurement s ca t t e r  information and a good mean thick- 

ness value. Rxtogmphs of cross sections typical of each saq?le rell are 
included i n  t h i s  report. 

A d i f f i cu l ty  encountered w i t h  t h i s  approach was smearing of the 

With t h i s  e f fec t  

Six specimens were taken from 

3.2.11 The results of these measurements are tabulated i n  Table I. 

3.3 SHEET REXISTIVITY -S 

3.3.1 The information regarding sheet r e s i s t i v i t y  was obtained by using 

long t h i n  specimen and finding the t o t a l  resistance; the ohms/square being 

calculated by t h i s  t o t a l  resistance and the s t r i p  dimensions, i.e. 

Rt (w) - ohms/ s quare R s -  L 

where Rs i s  the sheet r e s i s t i v i t y  i n  ohms/square, Rt i s  the t o t a l  s t r i p  resis- 

tance, W i s  the s t r i p  width, and L the s t r i p  length. 

393.2 
bridge and electronic nul l  indicating galvanometer. These readings were 

usually quite repeatable t o  better than one percent. 

readings i s  given i n  Table 2. 

These measurements were made using a "Leeds and Northrup Resistance" 

A tabulation of these 
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3.4 BE;TA RAY BACKSCATTER MEASUREBENTS 

3.4.1 
local representative. 

MICRODEFN. 

An instrument of the Bet8 Backscatter type was borrowed from a 

The trade name of t h i s  par t icular  instrument i s  

I n  principal, these instruments a re  nuclear radiation counters, 

which may be f i t t e d  with a number of different  radioactive sources. 

samples of known thickness are used t o  cal ibrate  the instrument and establ ish 

a curve f o r  a par t icular  m e t a l  on a par t icular  substrate material. In  opera- 
t ion,  the calibration samples are placed i n  position over a small aperture, 

immediately below which i s  a small poin t  radioactive source of some specified 

Beta energy. 

special  mica windowed geiger tube, but which reads only backscattered rays e 

The thinner and l e s s  dense coatings usually requiring a lower par t ic le  energy 

fo r  resolution of very small thickness and/or mass/unit area differences 

Several 

Slightly back of the source, which radiates only forward, i s  a 

Next a re la t ive ly  in f in i t e  thick sample of the backing material 

(.050" mylar) i s  read. 

material i s  then biased out; that is, set f o r  zero reading. 

have t o  be s l i gh t ly  readjusted t o  100%. 
d i f f e ren t i a l  backscatter between the metalized mylar and the mylar alone. 

The amount of accumulated reading f o r  t h i s  backing 

Nl scale may 

The instrument now reads only the 

Several other thinner samples may then be read and a calibration 

Once the microderm has been se t  up, it requires only about curve plotted. 

60 seconds t o  read: - any sample thickness of the same materials. 

According t o  the manufacturer, t h i s  instrument w i l l  measure the 

thickness of any material on any other material, as long as there is  a 

suff ic ient  difference i n  atomic number. This technique of measurement, of 

course, responds t o  mass per unit  area and i s  an indirect  measurement of 

thickness. The curves obtained w i t h  gold a re  shown i n  Figure 10. 

The aluminum samples d i d  not  give suff ic ient  reading fo r  a f u l l  

Even after an eight minute reading, the thickest  aluminum scale set t ing.  

samples (66 micro inches) would only r eg i s t e r  a 6$ d i f f e ren t i a l  reading. 

This w a s  using the lowest energy beta source, Carbon 14. According t o  the 
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inst ruct ion manual, aluminum and p las t ic  were suff ic ient ly  different  i n  atomic 

number t o  be measurable. 

uni t  area. 

Perhaps there was a lower r e s t r i c t ion  on mass per 

Only one copper sample was available concurrent with the microderm; 

therefore, no curve was made. The copper sample t r ied ,  however, d i d  give a 

good 100% reading. 

copper samples. It is, therefore, assumed that sat isfactory operation can be 

obtained with both gold  and copper on mylar i n  these thickness ranges. 

This sample l a t e r  turned out t o  be the th i r aes t  of the 

On the work i n  t h i s  report, a Carbon 14 source of 0.11 MeV Beta 

par t ic les  was used, which was the lowest energy source with the instrument. 

I n  principle, when calibrating the Microderm, a reading i s  taken 

for,  say one minute, of the thickest  gold on mylar sample. An adjustment 

i s  then made t o  make the meter on the instrument read f u l l  scale or  100%. 

3-5  CHEMICAL GRAVIMETRIC ANALYSIS 

395.1 
mined by gravimetric analysis from a loca l  metallurgical laboratory. I n  
these determinations, three samples 3" by 3" of each roll of material were 

cut a t  evenly spaced intervals  across the roll width i n  order t o  es tabl ish a 

typical average sample density. The resu l t s  of t h i s  work a re  tabulated i n  

Table 3. 

The mass per uni t  area o f t h e  metalized mylar samples was deter- 

3.6 EDDY CURRENT MEASKRENENTS 

3.6.1 
may be ascertained by two different  approaches based on the eddy current 

principle.  

The thickness of a coating of conducting material on a non-conductor 

On technique uses the skin e f f ec t  depth as a function of frequency, 

the other measures the eddy current loading through.mutd1 coilpl$pg. No 
instrument using the skin e f fec t  could be located which would operate i n  the 

required thickness range. 
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3.6.2 The Instrument Division of the Budd Company, however, claimed t o  have 

operated t h e i r  instrument (eddy current loading e f f ec t )  successfully i n  the 

100 micro-inch range previously, and agreed t o  load us such an instrument 

(Radac 210) for  our measurements. It was decided that due t o  the lack of time 

available, f a s t e r  resu l t s  could be obtained by taking the samples back East 

t o  the plant ra ther  than ship the instrument here t o  Space-General. 

measurements were then made by t h e i r  Applications Department. 

These 

3.6.3 This instrument's principle is, of course, r e l i an t  on sheet res i s -  

t i v i t y  and would be dependent on the consistency of t h i s  parameter with the 

reciprocal of thickness. 

t o  the microderm i n  t h a t  they must be calibrated with samples of known thick- 

ness. These percent scale readings a re  shown i n  Figure ll. 

This instrument's re la t ive  scale readings a re  similar 

4.0 DISCUSSION OF HESULTS AND DATA CORREZATION 

4.1 GRAPHIC PLOTS AND TABULATIONS 

- m e  graphic piots  of t i e  foiiowing relationships are shown with tiieir 

respective figure designations: 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

Sheet Resis t ivi ty  vs. Thickness 

a. Aluminum on mylar Figure 4 
b. Copper on mylar Figure 5 
c. Gold on mylar Figure 6 

Mass per Unit Area vs. Thickness 

a. Aluminum - mylar Figure 7 
b. Copper - mylar Figure 8 
c. Gold - mylar Figure 9 

Beta Backscatter Curve 

a. Gold - mylar Figure 10 

Tabulations 

a. Table 1 - thickness I 

b. Table 2 - sheet r e s i s t i v i ty  

c. Table 3 - Gravimetric analysis 
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TABIX 1 

MICROTOME CROSS SECTION MEASUREMENTS 

kthods Used: Bicolor Image Splitting Micrometer 
at 1500 x (readings repeat at 4$) 

Gold - Aluminum Copper 

Thickness Thickness Thickness 
Sample Micro inches Sample Micro inches Sample Micro inches 

60.5 
62.2 
65.7 
67.6 
72.0 
72.0 
66.6 

52.3 
56.3 
57.0 
50.4 
50.4 
48.5 
53-2 

59.0 
46.1 
46.0 

49.3 
62.2 
49.3 
52.3 

59.0 
46.1 
46.1 
49.3 
46.0 
59.0 
51.6 

6Gzl 
6GZ2 
6 ~ z 3  
6 ~ z 4  
6 ~ z 5  
6GZ6 
&an 

7 G n  

7GE 
7GZ3 
7GZ4 
7GZ5 
76% 
Mean 

6Gzl 
6GZ2 

6GZ3 
sGz4 

a z 5  
6Gz6 
Me an 

60.5 
57.0 
46.0 
47.6 
52.3 
55.4 
52.3 

h9.3 
54.3 
62.3 
75.4 

65.0 
66.4 

79.5 
90.2 
95.4 
62.1 
6s. 5 

69.0 

64.0 

104.5 

l l C z l  

l l C Z 2  

11cz3 
llCZ4 
11cz5 
llCZ6 
Mean 

A"" i nr'u 

1ocZ2 
iocz3 

iocz5 
l O C z 6  

&an 

12czl 
12cz2 

lWZ4 

12cz3 
12cz4 
12cz5 
12cz6 
Mean 

13czi 
13cz2 
Me an 

61.5 
65.0 
66.3 
66.6 
5799 
59.0 
63.0 

1 nC; rgv. 

173 
150. 
106. 

134. 
165. 
154. 

54.7 
55-1 
57.9 
46.0 

65.7 
50.6 
53.4 

92.2 
66.3 
90.2 
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TABLE 2 

SHEET RESISTIVITY; THIN METAUIC FILM ON MYLAR 

Measurement Method: Resistance of Long Narrow Strip 
Rt (w) , where R = Sheet L S 

R =  
6 

R = Total 

W = Strip 

L = Strip 

t 

Gold - 
Resistivity Resistivity 

resistivity 

strip resistance 

width 

length 

Copper 

Re si stivi ty 
Sample ohms/sq. Sample ohms/sq. Sample ohms/sq. 

2AV1 

2AV2 

2AWl 

2AW2 

Mean 

3 ~ v 1  
3 ~ v 2  
3Am 
3~w2 
Mean 

4AV1 
4AV2 
&AWl 

4AW2 

Mean 

5 ~ v 1  
5 ~ v 2  
5Am 
5 ~ w 2  
Mean 

4730 
- 4763 
4655 

.5060 

.4@2 

1.132 

1.078 
1.098 
1.066 
1 099 

5265 
.4920 
5035 

.47m 

.5000 

5370 
9 5350 
5025 

.5102 

.5212 

6 ~ ~ 1  
6 ~ v 2  
6 m  
6~w2 
!%2 &I 

7 ~ v 1  
7m2 
7 m  
7Gw2 
Mean 

&vi 
8Gv2 

8GWl 
6Gw2 

Mean 

.39@ 
' 3693 
3852 
3665 
Z RCm 

. / " /L  

.2123 

.2040 

.2125 

.2130 

.2102 

.1518 

.15m 
* 1596 
.1566 
1570 

l l C V l  

l l C V 2  

l l C W l  

l l C W 2  

l 0 C V l  

10cv2 

l 0 C W l  

10cw2 

Me an 

12cv1 
12cv2 

12cWl 

12cw2 

Mean 

9 0552 
.0607 
0563 

.0654 

.0593 

NG 

* 0733 
.oU3 
0139 

* 0334 

.0546 

.0670 

.0612 

.0682 

.0628 
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TABLE 3 

G r a m  Weight/Square inch; Thin Metallic Films on Mylar 

Measurement Method: Chemical Gravimetric Analysis 

Aluminum - Gold Copper 
Sample Milligrams/in2 Sample Milligram/in2 Sample Milligrams/in 2 

0.312 
0.256 
0 .2 l l  

0.260 

0.067 
0.178 
0 9 133 
0.126 

0.224 
0.312 

0.267 

0.378 
0 356 
0.255 
0 329 

0.244 

6 ~ s 1  
6 ~ s 2  
6 ~ s 3  
M e  an 

7 G 1  
7m2 
7=3 
Mean 

SGSl 
6Gs2 

&s3 
Mean 

2.19 
2.29 

2.27 

2.34 

4.15 
4.22 
4.23 
4.20 

6.02 
6.37 

6.31 
6.54 

l0CSl 

10cs2 

1 0 ~ ~ 3  
Mean 

l l C S l  

l lCS2 

llcs3 
Mean 

UCS1 

12cs2 

12cs3 
M e =  

18.7 
18.6 
14.7 
17.3 

4.00 
4.17 
4.68 
4.28 

2.29 

2.06 

3.04 
2.47 
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k-, 3 6 ”  WIDE L 

GENERAL LOCATION OF SAMPLES 

Sample Ident i f  i ca t  i on  : 

1st d i g i t  - RoU i d e n t i f i c a t i o n  

2nd d i g i t  - Material  i d e n t i f i e r  

3rd d i g i t  - Ty-pe of sample 

4 th  d i g i t  - Sample no. 

7 

HW2 

-WJ 

Figure 1 
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ALTEBXATE SPECIMEN CUTTING PLAN 
FOR ROLLS N ~ O W E R  THAN 36" 

f o r  dimensions see figure 1 

Figure 2 
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I T  "r 

SAMPLE TAKING FC)R GRAVIMETRIC A"IYSIS 

P 

S Z  

, c 

s 3  

Note: "xtt i s  defined as: 

x = w+ W = Roll width 

Figure 3 
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Sheet Resistivity, ohms/square Figure 5 
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Thickness i n  micro Inches 

Flgure 6 
Page 21 



r 
I 
I 
I 
I 
1 
I 
I 
I 



I 
t 

I 

I I  I I I I  I R I l l  I I I I I I I  
I I !  I l l  I 

0 cu 
I I I I I I  I I  I I I I I I  I 1  I I 1  I 1 1 \ 1 1  I I 1 1 1  I I I I l l  

I 1 I : I I  I I  I '  I 1  
I 1  I I  I 1 I 1  

I l l  I I I I I I I  I l l  , I ,  , I C  i i  i l l ? \  I I I I  ! I ! , # !  I I l l  
I 1  I I 1 1 1 1 1  I l l  I l l  I I  L l I  I I  I I I I \  I I  I I I I I I  I I I I I I  

I l l  I I I I I I I  I l l  1 I I  I I I I Y I I I I  I I I I R I  I 1  I I I l l l  I I I I I I  

1 1 1  I I 1\1 I l l  
I I I \ I  I I I , \  I I I 1 1 1  4 

-------,-- ~ ) !  I I l l \  I I I I l l  d 

41:: 

tl 

0 
O k  

E. 
J2 
d 
m 
m I I l l  I l l 1  I I I I I I  I I  I I \ I  I I I I  I \ ! I  I I I l l  

I 1 1 1  , 1 1 1  I I I I I I  I 1  I I 1 I I  I 1 x 1  I I '  

I I I  I I 1  I l l i l  I I  I I I f. I ! . ! l h  I I I  

I l l 0  \I 
1 I I I I I'd I I I I  

I B 
! 1 1 1 1  I I 1  \I I O U  

I I Y I \ c o d  
?. \ I2 

- ~ ~ 

I I \  

I I -\ I 
I I X  

I I I I '  
I , I I \  I !  

I I  I r i l h  I I  

I l l  I I I I I I  I I I I I I  I I I I  I I l l  I I R I I I  I I r = l P t t l r  I I 
I l l  I 

I l l  I I / /  I I I  I l l  l I \  1 1  

I l l  I I  I l l  I 1  I I l l  I I !  I I I I  I l l  I l l  I L I I I  I l l 1  \ I  0 

I l l  I I 1  I l l  I 1  

I l l  I I I  I 1  I l l  I I  I I I I  ! V I 1  I l l  Y'f 
I I  I I  I I  I l l  I I I I 1  1 1 \ 1 1  I 1  I I!, 

1 1  

I I I I  1 I I I I  I I  I 

I ~ 1 -  - 1  1 1  1 1 -  I l l  I I I I  I I I I I I I I I  I I I I  I l l  I l l  I h l I I  

I I I '  I I "  ' I 1  1 " I I '  I I ' I  ' I '  I I '  
! I l l  I 

I I I I 
I 1 I 1  I I 

I I I I I I I  

I I I I \ I  

' ' 

I I  I I I 1  

I I 
I I I l l  I I I  I 

I 
I I  I I I I I\ -_ - __ ~. 
I I  I I  I ~ - I  I I I &Q 

v\ 0 In 
d r i  0 

IA 0 
tu tu 

surex9y~-r-m 'qxq a;r"nT)S/c@?aM page 23 



\- 1 
Y,  - 

I 
-TT-,----A---------:--------- _ _ -  

- ,- 
------- 

I t  
I I I  

I l l  I 1 I 1  1 1  
I I I I 

, I  0 

I I I I I  I I h. I 

I I I -ys I I I I i  
I 2.- 1 

- 
c 

I I - I 

I I  I I z 

I I r h  t-h - - I  A I  I r k  I I A  - I 1  0 

7%- 
I I  





t 
1 



SGC 2208-3 
1 
I 
t 
I 
t 
I 
1 

I 
I 
I 
I 
1 
I 
1 
I 
I 

4.2 DISa?SSION OF DATA COIiRELATION 

Upon examination of t he  aforementioned graphs, the  problem of 

correlat ion of apparent area density and sheet r e s i s t i v i t y  with thickness 

becomes obvioiis. This i s  most severely pronounced with the  aluminum samples. 

The copper and gold mylar p lo ts  begin t o  show expected trends of approximate 

slope but considerably displaced from wrought CharacteristLcs Scathering of 

individual data points are shown i n  respect t o  the mean p lo t s  on the  r e s i s t i v i t y  

a i d  mass/squzre inch vs. thickness graphs only. 

were obtained with the gold and copper samples on the  Radac 201, and the  Beta 

gage Microderm. 

when extrapolated t o  zero scale reading, did not correspond t o  zero thickness 

as would be expected. The reason f o r  t h i s  anomaly i s  not c lear ly  understood. 

It could be e i the r  an e r ro r  i n  the  cross-section measurements or a non-linearity 

of thickness vs. density. 

Comparatively good results 

However, it w a s  noticed t h a t  the  Beta Sackscatter curve, 

An in te res t ing  note i s  tha t  a sample of  commercial gold leaf (reputed 

t o  be about 3.2 micro-inches ) plotted considerably displaced below t-he evaporated 

film curve. 

This l a t te r  supposition i s  p a r t i a l l y  supported by an examination of 

the mass per uni t  area vs. thickness p lo t .  This curve snould, according t o  

conventional wrought theory, extrapolate somewhat l i nea r ly  through zero. 

This curve i n  Figure 10 clear ly  does not. 

points i s  accurate, a sharp discontinuity must ex i s t  during the  f i rs t  few 

micro-inches of deposition. This would imply a very low density fac tor  f o r  

very t h i n  f i l m s  which would increase u n t i l  about 20 or 30 micro-inches, where- 

upon it would s t ab i l i ze  t o  a l i n e a r  plot  possibly parallel to ,  but displaced 

from wrought character is t ics .  

If the  data supporting these 

From the  l imited extent of t h i s  study, it appears tha t ,  assuming 

similar evaporation processes, t h e  materials of e i t h e r  l i g l t e r  molecular 

weight, o r  higher chemical a c t i v i t y  suffer  most severely .from process var ia-  

t ions  i n  maintaining the  r e s i s t i v i t y  and surface mass relationships with 

thickness t h a t  conventional bulk theory would imply. 
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The implications of the relat ively few samples studied here would 

require considerable control t o  be exercised i n  the deposition process before 

any aluminum thickness determinations could be considered by resistance or 
mass dependent techniques. 

The gold and copper, possessing different  physical or chemical 

characterist ics,  could be sa t i s fac tor i ly  measured by e i the r  the mass or the 

r e s i s t i ve  principles. 

The microtome thickness measurements of the  aluminum are  of in te res t  

i n  t h a t  the vendor claimed t o  be sending three rolls of aluminized mylar or 

different  thickness. Either our microscope measurements or h i s  methods are  

i n  question. The microscope techniques used i n  t h i s  program are more o r  

l e s s  substantiated by t h e i r  repeatabil i ty on any give2 specimen's measurement 

and t h e i r  re la t ive ly  good correlation with the other physical characterist ics.  

I n  general, it i s  the opinion of the writer, based on t h i s  work, 

t h ~ %  *h ichess  masi-rements of aluminum should be made d i rec t ly  by methods 

similar t o  the  microtome technique described i n  t h i s  work, or by other d i rec t  

mechanical or opt ical  means. The mechanical methods would be encumbered by 

the d i rec t  physical contact required and the f i n i t e  pressure which must ex is t .  

A br ie f  attempt was made t o  obtain a thickness measurement d i rec t ly  

using interferometry. Several samples of gold, aluminum and copper were 

electro-etched t o  give a sloped s tep function across the specimen. Although 

the slope was gradual enough, the mylar exhibited a severe grainyness when 

pressured against an opt ical  flat. 

from forming f o r  a reading. If t h i s  type of accurate calibration i s  ever 

needed, it i s  recommended tha t  heavy f l a t  p l a s t i c  specimens be metalized 

concurrently with the mylar. Heavy p las t ic  i s  recommended over glass f l a t s  

due t o  i t s  s imilar i ty  of Beta scattering cross section t o  the mylar; the 

glass having a s ignif icant ly  higher equivalent atomic number. 

This prevented any readable fringe pat tern 
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Inside View of Microtome Machine Showing Sample Ready fo r  S l ic ing  
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